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1 Introduction 

Background 

The Construction Engineering Research Laboratory (CERL) has had a research 
and development (R&D) effort in progress since Fiscal Year 1997 (FY97) to de-
velop alternatives for safe, economic, and environmentally benign assessment, 
decontamination, and disposal of excess ordnance production facilities.  These 
buildings may have considerable quantities of residual energetic materials (EMs) 
and asbestos, and may also be structurally unsound.  The EMs in these facilities 
include finished military explosives, propellants, and pyrotechnics as well as pre-
cursors to these materials. 

An explosion occurred during scheduled demolition of an inactive building at the 
Sunflower Army Ammunition Plant (SFAAP) on 10 July 1996.  The building was 
intentionally set afire as the least hazardous way of destroying the structure.  
However, residual contamination, determined to be nitrocellulose (NC), caused 
the building to explode and substantially spread asbestos and other building ma-
terials to the surrounding area. 

Numerous buildings at approximately 20 inactive plants in the U.S. Army Mate-
riel Command (AMC) are designated as excess and slated for destruction.  The 
SFAAP incident resulted in a need to document contaminated facilities at inac-
tive AAPs to determine technologies for safely removing and disposing of these 
facilities while protecting the environment. 

One of the first steps in properly disposing of an EM production building is to 
assess its contamination status.  The presence of explosive materials, and the 
type and amount of those materials, are important considerations when selecting 
a disposal alternative.  Several methods are available for identifying EMs; how-
ever, these have not been evaluated for use in U.S. Army production facilities.  
The existing technologies are designed primarily to detect EMs as explosive de-
vices in luggage, packages, and various containers.  To be useful at U.S. Army 
facilities, these technologies must be evaluated for their ability to detect EMs on 
various surfaces and sub-surfaces of a building, and be demonstrated in a practi-
cal EM production environment (active or layaway). 
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Objective 

The objective of this work was to evaluate various EM detection devices for use 
at excess ammunition production facilities. 

Approach 

Manufacturers of EM detection equipment were contacted to determine the 
status of the current technology and to solicit interest in this evaluation.  Four 
technologies were selected for testing.  Selection was based on applicability, cost, 
and interest in study participation. 

A test protocol was developed for use in evaluating the various detection devices.  
This protocol included the identification of EMs of concern, types of buildings to 
use for the evaluation, and building characteristics.  The protocol also addressed 
a means of determining the accuracy of results. 

The four selected technologies were tested at the Radford Army Ammunition 
Plant (RAAP) in Virginia.  Facilities selected as test sites reflected as much 
variation in EM usage, construction, building materials, and other conditions as 
possible.  Representatives from each company and a CERL representative spent 
1 day onsite at RAAP, evaluating their detection devices following the developed 
protocol.  The same facilities were used to test each piece of equipment. 

Mode of Technology Transfer 

Findings from this study will be incorporated into ongoing research efforts in-
volving the assessment, decontamination, and disposal of excess EM processing 
buildings at U.S. AAPs. 

Units of Weight and Measure 

U.S. standard units of measure are used throughout this report.  A table of con-
version factors for Standard International (SI) units is provided below. 

 
SI conversion factors 

1 sq in. = 6.452 cm2 
1 lb = 0.453 kg 
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2 Selection of Evaluated Instruments and 
Materials 

Instruments Selected for Evaluation 

Four manufacturers of instruments that detect EMs visited RAAP to demon-
strate the capabilities of their products.  The companies were Barringer Instru-
ments, Thermedics Detection, Inc., Intelligent Detection Systems (IDS), and Ion 
Track Instruments.  Table 1 lists each company and the demonstrated instru-
ments commercially available at the time of the study. 

Table 1.  EM detection instruments demonstrated at RAAP. 

Manufacturer Instrument 
Barringer Instruments, Warren, NJ IONSCAN 400B 
Ion Track Instruments, Wilmington, MA VaporTracer 
Ion Track Instruments, Wilmington, MA ITEMISER 
Thermedics Detection, Chelmsford, MA EGIS II 
IDS, Ottawa, ON, Canada EVD 3000 

Ion-mobility Spectrometers 

The Barringer IONSCAN 400B and Ion Track VaporTracer and ITEMISER are 
ion-mobility spectrometers, also known as plasma chromatographs.  Ion-mobility 
spectrometers consist of an ion source at atmospheric pressure (reaction region) 
and an ion-drift spectrometer (drift region).  In the ion source region of the spec-
trometer, EM molecules are converted into negatively charged ions.  In the drift 
region, the ions migrate through an electric field.  Drift time is shorter for lighter 
ions and longer for heavier ions; that is, drift time is proportional to ion mass.  
The ions are eventually detected by colliding with an electrometer plate, produc-
ing a measured current.  Each energetic compound has a unique plasmagram. 

Barringer Instruments uses an air sampler that is a hand-held, battery-operated 
vacuum, resembling a flashlight.  It collects EMs on a cloth swab, which is in-
serted into the IONSCAN 400B for analysis.  The footprint of the IONSCAN is 
approximately 15 sq in.  For the purposes of this study, the instrument was set 
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up in a laboratory at RAAP.  Cloth swab samples collected in the field were 
brought to the laboratory for analysis. 

Ion Track’s ITMS VaporTracer is a hand-held portable instrument used for de-
tecting and analyzing air samples.  It draws in air samples from the location be-
ing tested and then performs the ion-mobility spectrometric analysis.  The Ion 
Track ITEMISER, a bench instrument, receives for analysis EMs collected on 
cloth swabs.  The ITEMISER, which has a 21-sq in. footprint, was set up in a 
laboratory at RAAP.  Swab samples collected in the field were brought to the 
laboratory for analysis. 

Gas Chromatograph with Chemiluminescence Detector 

Thermedics Detection’s EGIS II uses a high-speed gas chromatograph (GC) with 
a chemiluminescence detector.  Air samples are collected with a hand-held bat-
tery-operated vacuum aspirator similar to that used with Barringer’s IONSCAN 
400B.  It collects EMs from vapors or particulate matter onto a filter card.  The 
card is then placed into the EGIS II instrument intake port.  These same filter 
cards are used as swab wipes for surface sampling.  The sample inlet services 
two high-speed GC columns, one at 400 oC and the other at 800 oC.  Helium car-
rier gas transports the EM molecules through pyrolysers, which produce detect-
able nitric oxide (NO).  A chemiluminescence reaction between NO and ozone (O3) 
produces an infrared photon, which is captured by a photomutiplier.  The GC re-
tention times and detector outputs are used to determine the specific EMs.  The 
EGIS II unit weighs approximately 165 lb and uses two tanks of helium gas.  A 
cart was provided by the company for movement of the system.  The instrument 
was set up in a laboratory at RAAP, requiring approximately 900 sq in. of floor 
area.  Swab samples were brought to the laboratory for analysis. 

EM Vaporizer 

The IDS EVD 3000 is a hand-held portable instrument that vaporizes (decom-
poses) EM material from a metal screen that is contaminated by rubbing with a 
swab or cotton glove used to accumulate the sample.  The instrument uses a sen-
sitive electrochemical sensor for NO2.  Chromatography is accomplished with se-
lective adsorption membranes.  The EVD 3000 gives a positive/negative result.  
If an EM is detected, the instrument responds positively; if no EM is detected, it 
displays a negative output.  The instrument detects chemicals with decomposed 
nitrogen-containing groups (-NOx), detecting oxides of nitrogen.  The EVD 3000 
does not identify specific EMs (e.g., trinitrotoluene [TNT], cyclotrimethylene 
trinitramine [RDX], nitroglycerine [NG]), it just detects that an EM is present. 
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Additional information about each of these technologies can be found in Appen-
dices A – D to this report. 

EM Selection Criteria 

To maintain a manageable level of evaluation parameters, a limited number of 
EMs were selected for this study: 
• NC 
• NG 
• nitroguanidine (NQ) 
• RDX 
• Cyclotetramethylene tetranitramine (HMX) 
• TNT 
• dinitrotoluene (DNT) 

These EMs, in various combinations, are commonly found in Department of De-
fense propellants and explosives.  They are also common to RAAP production ar-
eas.  However, the number of potential EMs that are detected by the instruments 
evaluated in this study are not limited to the seven listed. 
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3 Sites Selected for Instrumental Analysis 

Prior to the evaluation, researchers visited RAAP to select building sites for 
evaluating instruments capable of detecting EMs.  Factors considered included 
building construction type, likely EMs present, and building status.  Buildings 
were selected to provide as wide a variety of test situations as possible. 

Table 2 shows the buildings selected as test sites.  Column headings in the table 
include building status, type of anticipated EM contamination, and other possi-
ble EM contamination.  Eight buildings were selected for evaluation.  The build-
ings were primarily wooden structures with concrete or wooden floors.  Some 
contained a significant amount of equipment, whereas others were completely 
empty.  Most have been in use for at least 25 years.  Some of the buildings are 
active processing facilities, while others are on standby in a 3X condition of con-
tamination (i.e., cleaning has removed surface contamination, but significant 
amounts may remain in less obvious places).  In most cases, only one principle 
EM is associated with the building, but numerous unknown EMs are possibly 
present. 

Table 2.  Buildings selected for analysis with EM detection instruments. 

Building 
Number Building Name Status Anticipated EM Other Possible 

4932 
DNT Grinding and 
Screening Active DNT None Likely 

3692/C-6 High Energy Mix House, Bay 1 Active 
NC, NG, NQ 
RDX, HMX Unknown 

3609/C-3 
Multibase Ingredient  
Storehouse Active NC, NG, NQ Unknown 

3026 NC Final Wringer Active NC None Likely 

4912-47 
Multibase Forced Air Dry 
House Standby/3X NG Unknown 

7140 
Triple Base Sorting and 
Blending Standby/3X NC, NG, NQ Unknown 

9500 
TNT Nitration and  
Purification Standby TNT DNT 

9503 TNT Finishing and Packing Standby/3X TNT DNT 
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Researchers selected specific spots in each building as required sampling loca-
tions so that direct comparisons of the results could be made.  Additionally, each 
instrument manufacturer was provided the opportunity to select additional sam-
pling locations that were of interest to them. 

Building Descriptions 

Descriptions of each of the selected buildings follows. 

4932 DNT Grinding and Screening 

Building 4932 is an old wooden two-story structure with a concrete floor.  The 
inside of the building had been painted at some time.  The floor is painted with 
conductive black paint.  The building contains equipment to grind DNT and, at 
the time of the study, contained numerous containers of DNT.  The building is 
active and not barricaded. 

3692/C-6 High Energy Mix House 

Building 3692 is an old wooden one-story structure with two bays separated by a 
reinforced concrete wall.  The inside of the building is painted.  It has a concrete 
floor painted with conductive black paint.  The building contains two sigma 
blade stainless steel mixers for processing high-energy propellants.  The building 
is active and barricaded. 

3609/C-3 Multibase Ingredients Storehouse 

Building 3609 is an old wooden one-story, one-room structure built on a concrete 
floor.  The interior is painted.  The floor had also been painted with conductive 
black paint.  The building is active but was empty during this study.  It is not 
barricaded. 

3026/NC Final Wringer 

Building 3026 is an old wooden two-story structure built on a concrete floor.  The 
interior is painted.  Among other equipment, it contains a telifer system to 
transport metal cans of water-wet NC.  It is an active building and not barri-
caded. 
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4912-47/Multibase Forced Air Dry House 

Building 4912-47 is an old one-story, one-room wooden structure.  The interior 
walls and ceiling of the building are covered in galvanized sheet metal (perhaps 
tin) with many seams.  The seams have been sealed with some type of sealant 
and tape, which is in poor condition.  The floor is covered with lead and the 
building is barricaded. It is empty and in a 3X standby condition. 

7140/Triple Base Sorting and Blending 

Building 7140 is an old wooden one-story, one-room structure built on a concrete 
floor.  The floor is painted with conductive black paint.  The building is being 
used for storage of propellant drying trays and equipment used for blending tri-
ple base (TB) stick propellants.  The building is in a 3X standby condition. 

9500/TNT Nitration and Purification 

Building 9500 is a concrete building (floors, walls, ceiling).  The walls and ceiling 
are painted white, and the floor is unpainted.  The building has an earthen cover 
that is used as a barricade.  It contains a significant amount of equipment (ket-
tles for nitration and separation) used to nitrate and purify TNT and DNT.  It is 
in standby but has not been cleaned to a 3X condition. 

9503/TNT Finishing and Packing 

Building 9503 is a concrete building (floors, walls, ceiling).  The walls and ceiling 
are painted white, and the floor is unpainted.  The building has an earthen cover 
that is used as a barricade.  The building is being used for storage of equipment 
and materials.  It contains some remnant TNT packing equipment.  The building 
is in a 3X standby condition. 

Confirmatory Analysis 

Before the instrumental evaluations, swab samples were taken in various places 
and analyzed to determine the type of EM(s) present in each building. 

The EXPRAY� chemical bomb detection kit was used in the selection of the 
sampling sites within the test buildings.  This kit contains Chemical/Bomb De-
tection Sprays that distinguish between certain nitroaromatics, nitrate esters, 
nitramine compounds, and inorganic nitrates.  Specifically, the kit includes a set 
of three chemical color reagents packaged as aerosol spray cans labeled 
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EXPRAY� 1, 2, and 3.  Product description sheets and material safety data 
sheets (MSDSs) are included in Appendix E of this report. 

During the visit to RAAP, the EXPRAY� kit was demonstrated to differentiate 
TNT and DNT (polynitroaromatics), and also to differentiate these from organic 
nitrate esters and nitramines.  Inorganic nitrates were also differentiated.  The 
kit was shown to be specific for TNT and DNT, but non-specific for nitrate esters 
and nitramines (NC, NG, RDX, HMX show a similar reaction).  It was quite use-
ful in determining specific contaminated locations, and in selecting the sampling 
locations in buildings used for evaluation of the instruments. 

Table 3 shows the results of evaluating the EXPRAY� bomb detection kit on 
known EMs in the laboratory.  Similar results were obtained in tests conducted 
in the contaminated buildings described in the previous section. 

Table 3.  Results of evaluation of EXPRAY���� chemical bomb detection kit. 

 EXPRAY Evaluation Results* 
EMs tested Spray 1 Spray 2 Spray 3 
NC (-) (+) pink N/A 
NG/DEGDN** mix (-) (+) pink N/A 
RDX (-) (+) pink N/A 
HMX (-) (+) pink N/A 
NQ (-) (-) (+) pink 
TNT (dilute) (+) pink N/A N/A 
TNT (concentrate) (+) brown/purple N/A N/A 
DNT (+) blue/green N/A N/A 
KNO3*** (-) (-) (+) pink 
*(-) Negative reaction; (+) positive reaction and resulting color 
** DEGDN = diethyleneglycoldinitrate 
*** KNO3 = potassium nitrate 
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4 Discussion of Results 

The following sections summarize results from both the detection of known (con-
trol) EMs and the EMs detected at specific locations at RAAP with each instru-
ment. 

Use of Known (Control) EMs 

During the instrument evaluation, several tests were conducted using control 
EMs in the laboratory.  The purpose of these tests was to verify that the instru-
ments could differentiate various EMs.  Because it does not have the ability to 
differentiate, the IDS EVD 3000 was not tested in the laboratory.  Table 4 sum-
marizes the control tests conducted and the results obtained. 

The Barringer IONSCAN, Thermedics EGIS II, and the Ion Track VaporTracer 
and ITEMISER instruments, in their configurations evaluated at RAAP, were 
not capable of detecting NC or DEGDN. 

The Barringer IONSCAN, and Ion Track VaporTracer and ITEMISER instru-
ments were capable of detecting NQ.  It is likely that the EGIS II could be set-up 
to detect NQ based on its capability to detect other EMs. 

Table 4.  Instrumental detection of known (control) EMs. 

Control EMs IONSCAN 400B EGIS II EVD 3000 VaporTracer ITEMISER 
NC Variable (-) --- (-) (-) 
NQ (+) (-) --- (+) (+) 
NG/DEGDN 
(50/50) in Methanol --- NG --- --- --- 
Mixture in 
Acetonitrile* NG/RDX/HMX NG/RDX --- NITRO/RDX/HMX NITRO/RDX 
(+) positive result; (-) no alarm; --- not tested 
*Mixture is NG/RDX/HMX/DEGDN/ethyl nitratoethylnitramine (ET NENA)/methyl nitratoethylnitramine 
(ME NENA)/AKARDITE II 
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The EGIS II, VaporTracer, and ITEMISER instruments did not differentiate 2,4- 
and 2,6- DNT.  The instruments registered both EMs as DNT.  It is likely that 
EGIS II can be calibrated to detect and differentiate the two isomers. 

In analyzing a complex mixture of EMs in acrylonitrile, all of the instruments 
were capable of detecting NG and RDX.  EGIS II in its current configuration 
does not differentiate RDX and HMX.  Both the IONSCAN and VaporTracer in-
struments detected HMX.  The ITEMISER can differentiate RDX from HMX if 
sufficient “drift” time is allowed.  The instrument might miss detecting HMX in 
cases where high concentrations of RDX are present.  The complexity of the mix-
ture and presence of solvent did not appear to interfere with the analyses. 

Comparison of EM Detection Results 

The following tables show a comparison of the EM detection results from each of 
the instruments evaluated in this study.  Samples were taken by each manufac-
turer during their visits to the location and analyzed in their instruments.  Al-
though the samples were taken from the same area, most of the comparisons are 
not with the exact same sample — each manufacturer obtained a separate sam-
ple from each location. 

In each building, both Ion Track instruments were used.  The VaporTracer in-
strument was used to analyze air samples and the ITEMISER was used to ana-
lyze the swab samples.  The VaporTracer could be used to evaluate swab samples 
by shaking or scraping the dust into the intake stream of the instrument. 

Initially, neither Ion Track instrument was calibrated for the detection of NQ.  
However, a sample of NQ in the laboratory was used to quickly calibrate the Va-
porTracer and ITEMISER.  Both instruments were then capable of detecting NQ. 

The instruments evaluated are very sensitive to EMs.  As a result, the swab 
samples taken at each location were re-swabbed before testing in the instru-
ments.  This step reduced the concentration of EM present on the test sample to 
keep the instrument from being saturated.  In some cases, the amount of an EM 
detected was very small on the re-swab.  In these cases, the original concen-
trated swab sample was used in the detection test and a note was made. 
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Building 4932 

This building contains equipment that is used to grind DNT and also contains 
numerous containers of DNT.  Therefore, all instruments would be expected to 
identify the presence of DNT throughout this facility. 

As shown in Table 5, all of the instruments detected DNT in various places in 
the building.  The EVD 3000 instrument gave positive alarms in appropriate 
places.  The EGIS II instrument unexpectedly detected NG in two situations.  
The reason for this detection is unknown, but it was not expected that NG would 
be a contaminant in this building. 

Air samples taken from this building saturated the EVD 3000 instrument’s air 
intake.  The instrument could not be decontaminated in a reasonable amount of 
time.  Therefore, no additional air samples were taken with the EVD 3000 in-
strument. 

Only the IONSCAN 400B differentiates 2,4-DNT and 2,6-DNT. 

Table 5.  Comparison of EM detection results at Bldg 4932 – DNT grinding. 

Sample IONSCAN 400B EGIS II EVD 3000 
VaporTracer and 

ITEMISER 
Air  
  10 seconds --- --- --- DNT 
  15 seconds DNT --- --- --- 
  30 seconds --- DNT/NG --- --- 
  60 seconds No Alarm --- --- --- 
  2 minutes DNT --- --- --- 
Swab 
  Top of sprinkler 2,4 DNT DNT --- DNT 
  Top of shaft housing 2,4 DNT DNT/NG (+) DNT 
  Floor, back of grinder 2,4 DNT DNT (+) DNT 
  Top of window ledge 2,4 DNT --- --- DNT 
  Lip of DNT container --- --- (+) --- 
(+) = positive result 

--- No sample taken 

Building 3692 

The high energy mix house is used to mix and process high energy propellants.  
Because of this, the building is likely contaminated with both NG and 
RDX/HMX. 
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As Table 6 shows, NG and RDX/HMX were the main EMs detected by all in-
struments.  The EVD 3000 detected EMs in appropriate places.  NC would likely 
have been detected if the instruments had been capable.  The fact that RDX and 
HMX were not detected consistently may be a result of having different samples 
for each analysis.  Also, the contaminates could have been widely but not uni-
formly distributed in the building.  The Ion Track ITEMIZER detected RDX in 
two places without specifically identifying HMX, which could be related to the 
instrument configuration at the time of the analysis. 

With both the VaporTracer and the ITEMISER instruments, detection of some 
EMs yielded a plasmagram peak that was labeled NITRO.  The manufacturer 
considered this peak to be NG and/or NC, which were considered indistinguish-
able with the instrument at the time.  Subsequent testing at the laboratory indi-
cated that neither instrument could detect NC.  Therefore, the NITRO peak is 
assigned to NG. 

The Ion Track ITEMISER had difficulty distinguishing between RDX and HMX 
when using the building swab samples.  RDX is more mobile through the rubber 
diaphragm of the Ion Track instruments and imposes a strong peak in the plas-
magram.  Either instrument readily detects RDX.  HMX, on the other hand, is 
slow to migrate through the diaphragm and, although it provides a distinct peak 
on the plasmagram, it is only detected if sufficient charge remains on the detec-
tor upon its arrival.  In addition, sufficient time must be allotted during the 
analysis to provide for the slow migration.  In many cases, HMX was not easily 
detected in laboratory tests when combined with other EMs (particularly RDX).  
Sufficient migration time and rerunning the instrument cycle would need to be 
effected for the HMX to be detected. 

Table 6.  Comparison of EM detection results at Bldg 3692 – High energy mix house. 

Sample IONSCAN 400B EGIS II EVD 3000 
VaporTracer & 

ITEMISER 
Air  
  10 seconds --- --- --- NITRO 
  2 minutes NG/RDX --- --- --- 
Swab 
  Top of pipe RDX/HMX NG/RDX --- NITRO/RDX 
  Lid of mixer NG NG (+) NITRO 
  Gear housing RDX/HMX --- --- NITRO 
  Floor, front of mixer NG/RDX/HMX NG (+) NITRO 
  Floor, behind mixer NG/RDX/HMX --- --- NITRO 
  Wall, left side of mixer RDX/HMX --- --- NITRO/RDX 
(+) = positive result 

--- No sample taken 
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Building 3609 

Building 3609 (C-3) was once a storage house for multiple ingredients for propel-
lant.  It was empty at the time of this study.  Detection of NG and RDX/HMX 
was expected in this building.  Table 7 shows the results from sampling analysis. 

The IONSCAN instrument detected NG and RDX/HMX in various places in the 
building.  Unfortunately, the building was washed down after the IONSCAN in-
strument test.  The floor and walls were still wet at the time of the EGIS II sam-
pling, and both the EVD 3000 and Ion Track instruments were tested the week 
following the wash down.  Washing the building may have removed solid particu-
late matter like RDX/HMX prior to testing by the other instruments. 

All instruments consistently detected NG, but not as uniformly as might be ex-
pected.  The EVD 3000 instrument detected EMs in appropriate places. 

Table 7.  Comparison of EM detection results at Bldg 3609 (C-3) – Multibase ingredient storage. 

Sample IONSCAN 400B EGIS II EVD 3000 
VaporTracer 

and ITEMISER 
Air  
  2 minutes NG --- --- NITRO 
Swab 
  Top of sprinkler head RDX/HMX NG/DNT (+) NITRO 
  Floor, right, back under radiator HMX NG --- NITRO 
  Sill near floor NG --- --- NITRO 
  Side wall face RDX/HMX --- --- NITRO 
  Desk top NG/HMX NG (+) NITRO 
(+) = positive result 

--- No sample taken 

Building 3026 

Building 3026 contains a telifer system used to transport metal cans of water-
wet NC.  Therefore, detection of NC was expected inside the facility.  Table 8 
shows the results of sampling analysis.  None of the instruments was capable of 
detecting NC.  This was corroborated by tests in the laboratory involving known 
EMs. 
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Table 8.  Comparison of EM detection results at Bldg 3026 – NC final wringer. 

Sample IONSCAN 400B EGIS II EVD 3000 
VaporTracer and 

ITEMISER 
Air  
  2 minutes No Alarm --- --- NITRO (Trace) 
Swab 
  Top of control panel (-) No Alarm 
  Floor, step near entrance --- No Alarm 
  NC chute (+) No Alarm 
  Top of monorail --- NITRO 
  Vertical I-beam surface --- NITRO 
  Outside lip telifer tub (-) --- 
  Inside telifer tub 

Problems 
Analyzing 

No Samples 
Taken 

(+) --- 
(+) = positive result 

--- No sample taken 

Building 4912-47 

Because Building 4912-47 contained NG propellants, identification of NG and 
RDX/HMX was expected in most areas.  Table 9 shows the results of sampling 
analysis.  Most of the instruments consistently detected NG.  The IONSCAN did 
not identify NG in all of the sampled areas.  The IONSCAN 400B, EGIS II, and 
ITEMIZER generally detected RDX and HMX.  The EVD 3000 gave positive 
alarms in appropriate places.  The presence of TNT or DNT as detected by 
IONSCAN and EGIS in this building is questionable. 

Table 9.  Comparison of EM detection results at Bldg 4912-47 – Forced air dry house (3X). 

Sample IONSCAN 400B EGIS II EVD 3000 
VaporTracer 

and ITEMISER 
Air  
  10 seconds --- --- --- NITRO 
  15 seconds NG --- --- --- 
  60 seconds NG/RDX --- --- --- 
  2 minutes NG/RDX/HMX NG --- --- 
Swab 
  Back wall NG NG (+) NITRO 
  Floor, back of building RDX/TNT NG --- NITRO/RDX 
  Duct, inside top RDX NG/RDX --- NITRO 
  Floor, right back corner RDX/TNT NG/RDX/DNT* --- NITRO/RDX 
  Duct, outside top RDX --- --- NITRO 
  Window face NG/RDX/HMX NG/RDX (+) NITRO/HMX 
(+) = positive result 
--- No sample taken 
* Full strength swab sample used rather than a less concentrated re-swab of the full strength sample. 
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Building 7140 

Building 7140, a TB sorting and packing facility, was not in use.  It is in standby 
condition, having been cleaned to a 3X level.  Table 10 shows the results of sam-
pling analysis.  NC was probably present as propellant dust but was not detect-
able by the instruments with their current capability.  NQ may have been pre-
sent also as part of the TB propellants but was likely encapsulated in the NC/NG 
binder.  In this configuration, the instruments might not recognize the presence 
of NQ.  The instruments consistently detected NG in this building.  EVD 3000 
gave positive alarms in appropriate locations. 

Table 10.  Comparison of EM detection results at Bldg 7140 – Triple base sorting and packing (3X). 

Sample 
IONSCAN 

400B EGIS II EVD 3000 
VaporTracer and 

ITEMISER 
Air  
  2 seconds --- --- --- NITRO 
  2 minutes NG/RDX NG --- --- 
Swab 
  Sprinkler, top of pipe NG NG (+) NITRO 
  Entrance ledge NG --- --- NITRO 
  Plastic box for blending NG NG (+) NITRO 
  Floor, mid-room NG NG --- NITRO 
  Inside procedure box on wall NG --- --- --- 
  Wall surface NG NG --- NITRO 
(+) = positive result 
--- No sample taken 

Building 9500 

Building 9500 is also in standby condition, but has not been cleaned.  This build-
ing contains equipment used for nitration of toluene and purification of TNT and 
DNT.  Therefore, detection of these materials was expected.  Table 11 shows the 
results of sampling analysis. 

The instruments consistently detected TNT and DNT, and the EVD 3000 gave 
positive alarms in appropriate locations.  Detection of NG by the IONSCAN 
400B was not expected; however, it is possible that the hand-held vacuum for air 
sampling may have become contaminated.  Detection of RDX is a questionable 
result. 
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Table 11.  Comparison of EM detection results at Bldg 9500 – TNT nitration/purification (3X). 

Sample 
IONSCAN 

400B EGIS II EVD 3000 
VaporTracer 
& ITEMISER 

Air  
  10 seconds --- --- --- TNT/DNT 
  2 minutes NG/RDX --- --- --- 
Swab 
  Top of kettle (#8) TNT TNT/DNT (+) TNT/DNT 
  Floor sample, front of control room TNT/2,4 DNT TNT/DNT/NG* --- TNT/DNT 
  Top of light fixture No Alarm --- --- TNT 
  Bottom of nitrator lid (#8) TNT/2,4 DNT --- --- TNT 
  Wall surface, control room TNT TNT/DNT (+) TNT/DNT 
(+) = positive result 

--- No sample taken 

* Full strength swab sample used rather than a less concentrated re-swab of the full strength sample. 

Building 9503 

Building 9503 is in standby condition and has been cleaned to a 3X level.  The 
building contains equipment used to pack TNT.  Detection of TNT is likely 
throughout this facility.  Table 12 summarizes the test data.  The EVD 3000 gave 
positive alarms in appropriate places.  The EGIS II detected TNT appropriately; 
however, it also detected NG.  NG is not likely to have been present; however, the 
hand-held vacuum for air sampling may have become contaminated.  Detection 
of RDX in this building is also unexpected; however, the sensitivity of the 
IONSCAN and EGIS instruments could have detected trace quantities of these 
materials. 

Table 12.  Comparison of EM detection results at Bldg 9503 – TNT finishing/packing (3X). 

Sample 
IONSCAN 

400B EGIS II EVD 3000 
VaporTracer and 

ITEMISER 
Air  
  10 seconds --- --- --- TNT 
  2 minutes RDX/TNT TNT/NG --- --- 
Swab 
  Conveyor rolls under hopper TNT TNT (+) TNT 
  Wall surface TNT --- (+) TNT* 
  Floor, next to wall TNT/RDX TNT/DNT/NG (-) TNT 
  Top of fume duct TNT/RDX TNT/RDX --- TNT 
  Top of fume duct (4) --- TNT/RDX/NG --- --- 
  Conveyor belt TNT/RDX TNT/RDX --- TNT 
(+) = positive results 

--- No sample taken 

* Full strength swab sample used rather than a less concentrated re-swab of the full strength sample. 
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5 Instrument Pricing and Utility 

Table 13 summarizes the estimated cost of the EM detection instruments evalu-
ated in this study.  The table also includes an instrument rating indicating the 
ease of use, ranging from easy to somewhat difficult.  The tabletop models 
(IONSCAN 400B, EGIS II, and ITEMISER) are priced in the range of $40,000 to 
$65,000.  The more portable models (EVD 3000 and VaporTracer) are priced in 
the range of $20,000 to $34,000. 

These devices are expected to have long service lives.  However, most of the units 
in operation today have insufficient service histories to predict maintenance re-
quirements and a true useful life expectancy.  The manufacturers anticipate few 
problems because of the low number of moving parts involved.  Regular mainte-
nance and calibration are recommended to keep the instruments accurate and in 
good working order. 

Table 13.  Summary of EM detection instrumentation pricing and utility. 

Instrument Manufacturer Model Estimated Price* Ease of Use** 
Barringer Instruments IONSCAN 400B $43 K (3) 
Thermedics Detection EGIS II  $65 K (4) 
Intelligent Detection EVD 3000 $20 K (2) 
Ion Track VaporTracer $34 K (2) 
Ion Track ITEMISER $40 K (3) 
*  Pricing includes the instrument and the required startup materials. 

• The IONSCAN 400B pricing includes a maintenance kit, air sampler, disposables, and training 
at their New Jersey location. 

• The EGIS II pricing is for the instrument and numerous items itemized in Appendix B.  The 
pricing does not include training and installation of the instrument. 

• For the EVD 3000 hand-held unit, the package includes batteries, case, sample screens, and 
gloves. 

• For the VaporTracer hand-held unit, the package includes the explosives module, two batter-
ies, cables, supplies, computer, and onsite training. 

• The ITEMISER includes 6 month’s consumables, and onsite installation and training. 
** Ease of Use is classified as: 

(1) Extremely Easy — No training or technical knowledge needed. 
(2) Easy — Some training needed.  Operator does not need technical knowledge. 
(3) Moderately Easy — Training needed from manufacturer.  No technical knowledge required. 
(4) Difficult — Training needed from manufacturer.  Some technical knowledge desired. 
(5)  Very Difficult — Training required from manufacturer.  Technical knowledge required. 
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6 Conclusions 

All of the instruments evaluated in this study are capable of detecting EMs.  
They are designed and were demonstrated to be very sensitive to small levels of 
contamination.  Instrument performance was not hindered by either the condi-
tions at RAAP or the building material substrate. 

Each instrument had superior qualities, as well as features less suited for use in 
field work like that experienced at RAAP.  Overall, the Ion Track ITMS Vapor-
Tracer is well suited for applications described in this report.  The VaporTracer 
has the ability to adequately detect low levels of EM with accuracy and reprodu-
cability.  In conjunction with its portability, sensitivity, EM specificity with visual 
read-out, ease-of-use, cost, and ease of decontaminating after being saturated, it 
has the best combination of characteristics for field applications in EM produc-
tion facilities. 

In a laboratory or more stationary environment, the IONSCAN 400B, EGIS II 
and ITEMISER are all capable of detecting EMs from samples obtained in the 
field.  Each instrument has pros and cons in its performance and other charac-
teristics (cost, ease-of-use, decontamination after saturation, etc.).  Selection of 
one or the other of these instruments should be based on individual require-
ments. 

The EVD 3000 hand-held instrument was capable of detecting low levels of EMs.  
It was not designed to be specific in its identification but is more suited to gen-
eral detection of very low levels of EMs.  For this reason it can more easily be 
saturated by EMs and require long decontamination times.  In applications 
where portability is needed without any EM specificity, and where very low lev-
els of contamination are being sought, the EVD 3000 would be a suitable candi-
date. 
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CERL   Construction Engineering Research Laboratory 
DEGDN  diethyleneglycoldinitrate 
DNT   dinitrotoluene 
EM   energetic material 
ET NENA  ethyl nitratoethylnitramine 
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Appendix A: Barringer Instruments, Inc., 
Product Description Sheets 
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Appendix B: Thermedics Detection, Inc., 
Product Description Sheets 
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Appendix C: Intelligent Detection 
Systems, Inc.,  
Product Description Sheets 
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Appendix D: Ion Track Instruments 
Product Description Sheets 
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Appendix E: EXPRAY  Material Safety 
Data Sheets 
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